This study addressed the question of how early learning processes in females in£uence later preferences for a male trait. I tested whether exposure to song alone (of a male other than the father) was su¤cient for inducing a stable (repeatable) preference in female zebra ¢nches (Taeniopygia guttata) by limiting early exposure to tape tutoring. A group of controls heard no songs before also being tested in adulthood. Repeated tests for preferences for tutor or unfamiliar song were made, intersp ersed with additional tests involving new songs. Preferences were tested in an operant task where pecking of response keys led to song playback. Most females signi¢cantly preferred one of the two songs in a given test. In the ¢rst test, the relative preference for the tutor song was signi¢cantly higher for the tutored than for the control females. Subsequently, tutored females' preferences for the tutor song remained higher on average, but the two groups did not di¡er signi¢cantly. However, tutored, but not untutored females' preferences were highly repeatable between tests, suggesting that early exposure to song might lead to a consolidation of choice behaviour, a previously unknown e¡ect of early exposure to song in female songbirds.
INTRODUCTION
Most sexually selected traits have both a genetically transmitted and a condition-dependent component (Andersson 1994) . However, for the songs of male songbirds there is also a culturally transmitted component since the species-speci¢c song has to be learned from adult conspeci¢cs early in life. Although the origin and maintenance of vocal learning in oscine birds remain to be explained, the actual occurrence of cultural transmission is undisputed (see the references in Lachlan & Slater 1999) , raising the question of what role learning plays in forming females' preferences. This question has received little attention to date and the extent to which cultural transmission in the actively advertising sex is paralleled by the choosing one is largely unknown as too few preference tests have been conducted with females whose song exposure was monitored during development (see the examples in Riebel & Slater 1998) .
Female zebra ¢nches prefer their father's song over an unfamiliar one when given a choice of approach between two loudsp eakers (Miller 1979b ). This preference is learned: females removed from their fathers before day 25 did not show it (Clayton 1988) . Zebra ¢nches are gregarious birds, so approaching a loudspeaker could either signify a song preference or an attempt to approach a familiar individual. In order to test whether early exp osure to song alone is su¤cient for eliciting a preference, female zebra ¢nches were raised by their mothers only (who do not sing) and tape tutored while a group of untutored controls was raised without any exp osure to male song. Comparing tutored with untutored females should elucidate whether early experiences are crucial in making choices (not necessarily for the tutor song) or whether unlearned biases su¤ce for making females prefer one of two conspeci¢c songs.
Song preferences in adulthood were tested in an operant task with song playback as the sole reward (Riebel & Slater 1998; Collins 1999; Gentner & Hulse 2000) . Tutor songs were repeatedly tested against unfamiliar songs and additional tutoring in adulthood tested whether adult familiarization with a song can lead to a preference for it (for discussion, see Beguin et al. 1998; O'Loghlen & Beecher 1999 ). Yet another preference test examined whether slightly unfamiliar songs are more attractive than familiar ones, which is predicted by optimal outbreeding theory for secondary sexual characters (Bateson 1978) . By comparing tutored and untutored females in a number of tests, I also addressed the question of whether female song preferences are repeatable and whether this depends on early exposure to song.
METHODS

(a) Subjects
Females originated from our breeding stock. Pairs were bred in individual cages (length£ width £ heightˆ80 cm £ 40 cm £ 43 cm) ¢tted with nest-boxes (lights on 08.15^21.45). Mothers and broods were moved seven days ( § 2 d) after the median hatching day to a room without adult males. Sixteen females from ten di¡erent nests (one to three p er nest) were randomly assigned to two groups (details in App endix A). Siblings were considered statistically independent as each was tutored and tested with di¡erent songs from non-relatives (for details, see below).
(b) Tutoring (i) Stimulus songs
one to eight times in a song. Songs might di¡er in their attractiveness to females, but no systematic data are available as yet. Here, each female heard one of eight di¡erent songs recorded from eight di¡erent males (which had been used before for tap e tutoring males) (Houx & Ten Cate 1999a,b) in an unedited song bout (mean duration § 1 s.d.ˆ5.4 § 0.3 s with a mean of 4.5 § 1.5 complete phrases).
(ii) Tutoring Females were individually moved from the communal femaleo¡spring room (mean § 1s.d.ˆ37.9 § 2.8 d p ost-hatching) to sound-attenuated facilities for 30 days within the time-window during which females have been shown to memorize their father's song (Clayton 1988) . Experimentals (nˆ8) were tutored in a cage (70 cm £ 30 cm £ 45 cm) inside a sound-attenuated chamber (171cm £106 cm £ 230 cm). A custom-built control/ registration unit (with an Oki MSM6388 sound chip, Tokyo, Japan) (details in Houx & Ten Cate 1999a,b) randomly timed ten p laybacks p er hour between 08.30 and 21.30 (lights on 08.15^21.45) starting 1h after rehousing. Songs were p layed back at 70 dB (re 20 mPa, CEL-231 sound level meter (Lucas CEL Instruments, Hitchin, UK) with fast response setting) p eak amplitude at 30 cm from the loudspeaker (Quart 250 (MB Quart, Obrigheim, Germany) or JBL Control 1 ( JBL, Inc., Northridge, CA, USA)), which was p laced behind an op ening of 9 cm diameter in the rear of the cage. Controls (nˆ8) were housed in sound-attenuated boxes (inner measurements 40 cm £ 50 cm £ 52 cm) without song tutoring during this p eriod. Afterwards (and later in between preference tests) subjects were returned to individual cages in the bird room without males. One month after the ¢rst three preference tests, females were exposed to one of the eight tutor^test songs still unknown to them for three days (ˆ360 playbacks) (set-up as described above).
(c) Apparatus
The experimental set-up of Houx & Ten Cate (1999b) was used with slight modi¢cations. The cages were wire mesh except the wooden rear panel and were illuminated from the top. Five p erches were spaced along the length of the cage (at 8, 23, 35, 47 and 62 cm), with perches 1, 3 and 5 at 23 cm height and p erches 2 and 4 at 26 cm height. From the ¢rst and ¢fth p erches, the birds could peck red response keys (diameter 1cm) with a small red light-emitting diode (LED) light in the centre (diameter 2 mm), which triggered one playback of the song assigned to the key. On the ¢rst day, the subject was moved into the experimental cage between 08.45 and 09.30. The pecking keys' LED lights were switched on until the end of the day when the ¢rst operant resp onses were recorded (¢rst test mean § 1 s.d.ˆ1.4 § 2.9 d and range 0^10 d from the start, and subsequent tests 0^1d) and data were recorded starting the following day. The numbers of key pecks were registered by the control unit. Songs were swapped between keys daily in order to control for p ossible side preferences. The ¢rst test lasted ¢ve days. All subsequent tests (table 1) were conducted for three days only (LED lights on ¢rst day only).
(d) Preference tests (i) Tutor versus unfamiliar songs (tests 1^2 and 6 )
The eight tutor songs were used in four ¢xed combinations in a balanced design (see ¢gure 1 and Appendix A). Each tutor song also served as an unfamiliar song for another female and each combination was also used for the resp ective matched controls. Tests 1 (115 § 6.2 days p ost-hatching; zebra ¢nches are opportunistic breeders with ¢rst breeding attempts as early as 90 d p ost-hatching) (Zann 1996 ), 2 and 6 tested relative preferences for the tutor song over an unfamiliar song (the tutor song of another subject).
(ii) Tutor^tutor'songs (test 3 )
In order to test whether a song slightly di¡erent from the original would be discriminated or generalized, the original tutor song was tested against an edited version with a di¡erent sequence (two elementsönot the ¢rst or lastöin eachphrase were swapp ed using Signal/Rts software (Engineering Design, Belmont, MA, USA)). The song created was thus di¡erent although the song length and element composition were unchanged.
(iii) New tutor versus new unfamiliar (test 4) and old tutor songs (test 5 )
In order to test whether a short familiarization in adulthood is su¤cient for making a new song preferable over an unfamiliar one, females were given this choice 10 d after the second tutoring. Another week later this second tutor song was retested against the ¢rst tutor song (test 5).
RESULTS
(a) General
Most females signi¢cantly preferred one of the two test songs in any test, i.e. their preference ratio (choices for the tutor song/total number of choices) was signi¢cantly di¡erent from 0.5 (¢gure 1a^f and table 3). The absolute number of key pecks (see Appendix A) varied highly between individuals, but not across groups in any of the trials (t-tests, all n.s.) and there was no correlation between the absolute number of key pecks and preference strengths (measured as a deviation from a 0.5 ratio) (Pearson's r, all n.s.). There was no habituation: the mean Despite the relative similarity between the two song versions, the majority of females in test 3 signi¢cantly preferred one of the two with a slight trend in each group for the new versions (table 3), but both groups did not signi¢cantly deviate from 0.5 (one sample t-tests, experimentals tˆ0. 86, d.f.ˆ7 and pˆ0.42 and controls tˆ0.49, d.f.ˆ7 and pˆ0.64 ) and more females showed random choices than in the other tests. 
DISCUSSION
I tested two hypotheses comparing tutored and untutored females. First, whether early exposure to a song alone (without the presence of the singer as a confounding factor) leads to a preference for it over an unfamiliar song and, second, whether this preference is repeatable even after the females had been exposed to additional songs in the meantime. By comparing early tutored females with females not exposed to song before adulthood, I also tested whether a lack of early experience with song would result in fundamental di¡erences between the two groups.
In the ¢rst test after reaching sexual maturity tutored females showed signi¢cantly stronger preferences for the tutor songs than the untutored controls. This result is in line with previous studies on the zebra ¢nch. Both males and females raised normally showed preferences for their father's song in loudspeaker approach tests (Miller 1979b; Clayton 1988 ) and, like females, tape-tutored males also preferred their tutor songs over unfamiliar songs if tested in an operant task (Adret 1993; Houx & Ten Cate 1999a,b) . Thus, social interaction is not paramount in developing preferences in either sex. Preferences can be in£uenced by song exposure alone as well as from interaction with a singing social companion and both processes should p erhaps not be seen as mutually exclusive (for further discussion, see Beguin et al. 1998; O'Loghlen & Beecher 1999) .
It is not the preference for species-speci¢c song per se that is learned: both male and female zebra ¢nches reared in isolation from conspeci¢c song still prefer it over heterospeci¢c song (Braaten & Reynolds 1999) . Here, the untutored females, when given a choice between two conspeci¢c songs, did not randomly trigger playbacks of either, but a majority preferred one of the two within a test. However, repeatedly testing the same stimuli pairs (tests 1, 2 and 6) revealed a striking di¡erence between the two experimental groups: untutored females kept changing their preferences between tests, while those of the early tutored females were repeatable. To the author's knowledge, there are no other studies on repeatability of song preferences in female songbirds or its dependency on early exposure. Repeatability has been previously used to estimate maximum heritability of a genetic trait (see the references in Lessells & Boag 1987; Brooks 1996) . Here, a learned preference proved highly repeatable (cf. the examples in Brooks 1996) . Song plays an important role in mate choice, thus acquired song preferences might provide (next to sexual imprinting) another potential model system with which to study culturally transmitted preferences exerting sexual selection (Laland 1994) . This is backed up by evidence from ¢eld studies, providing evidence that early exposure to song in£uences not only song preferences but also mate choice (for example, McGregor & Krebs 1982; Grant & Grant 1997) .
Early learning exp eriences seem to modify general preferences rather than causing them. Preferences for the father's (or tutor's) song are not absolute in either males or females and here the unfamiliar songs were chosen almost equally often. Early exposure may provide both sexes with a reference value determining the salience of other song types and the strength of preference for them. For example, cross-fostered females of the Taeniopygia subspecies Taeniopygia guttata guttata and Taeniopygia guttata castanotis show more copulation solicitation displays upon hearing unfamiliar song types of the fostering subspecies than those from their own subspecies (Clayton 1990 ). Changes in the tutor's song element sequence did not lead to an overall preference for either the original or the new song (test 3), two variants of a song of the same singer might have been perceived as such. However, the method presented here could be used to investigate the e¡ect of degree of similarity with the tutor song on preference in a systematic manner in the future. As shown by the repeatability analysis, tutored females' initial preferences were not in£uenced by the additional acoustic experiences in the interim tests, although zebra ¢nches can also acquire preferences for conspeci¢c songs in adulthood (Miller 1979a; Clayton 1988) . In this study, adult females were familiarized with a new song type for three days, but the results were not clear-cut. Little is known about the interaction between early and later experiences and whether later experiences have to be of a social nature or not.Whether females in this study failed to develop a preference because the familiarization was too short or because interaction with a social mate was lacking can only be clari¢ed by further experimental work.
The consequences of developmental in£uences on mate-choice behaviour are unlikely to follow a simple formula where early experiences equal a later (exclusive) preference (Laland 1994) . Instead, learned and unlearned biases interact in many ways and perhaps continue to do so throughout life. Male song is a sexually selected trait (Andersson 1994; Searcy & Yasukawa 1996) , but models on sexual selection often ignore the importance of cultural transmission and individual learning processes (for discussion and exceptions, see Laland 1994; Lachlan & Slater 1999; Ten Cate & Vos 1999) partly for want of empirical data. Female song preferences are di¤cult to study (for a discussion of methods, see Searcy & Yasukawa 1996; Riebel & Slater 1998 ) even without taking learning processes into account, as mate choice is based on multiple cues with the singer always being a confounding variable. The data presented here not only suggest that a culturally transmitted preference can be repeatable, but that repeatability could possibly hinge on exposure to song per se. If this hypothesis holds, then early exposure to song might be as crucial to developing a preference in female birds as it is to developing a species-speci¢c song in males.
All procedures rep orted here were reviewed by Leiden University's animal experimentation committee. Thanks are due to the behavioural biology group at Leiden for valuable discussion, in particular C. Ten Cate, B. B. Houx and S. A. Collins from whose previous experiments this study pro¢ted enormously, to J. J. Bolhuis, D. Gil, V. M. Janik, R. F. Lachlan, C. Ten Cate and three anonymous referees for comments on the manuscript and to E. De Feuth Bruin and J. Bergfeld for technical assistance and animal care. This study was funded by the European Union (Marie Curie Fellowship, contract no. ERBFMBICT982980).
Repeatable preferences for male song in female zebra ¢nches K. 
